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Abstract
Recent research challenges established models of speech pro-
duction by revealing unexpected phonetic differences in phono-
logically identical elements induced by morphological struc-
ture. While established models assume that morphology does
not play a role in later production stages [1, 2], it has been
shown that English word-final /s/ duration is longest in non-
morphemic contexts, shorter with suffixes, and shortest in cli-
tics [3, 4]. Subsequent research found that such differences are
not only produced but also perceived by listeners and able to
influence comprehension [5]. Recently, [6] investigated if Ger-
man speakers could use subphonemic durational cues to acquire
the morphological categories singular (short word-final /f/) and
plural (long word-final /f/) in an artificial language. However,
the study revealed subphonemic cues were insufficient. Build-
ing on English findings, the present production study examines
subphonemic durational differences in German word-final /s/.
Preliminary results (20 speakers, 823 data points) show signifi-
cant differences between non-morphemic and plural /s/ duration
(p < 0.0001;Cohen’s d = 0.3). The findings challenge es-
tablished models, suggest that [6]’s null-results were due to the
reversed direction of durational cues used, and indicate morpho-
logical influences on speech production extend beyond English.
Index Terms: speech production, prosody morphology inter-
face, homophony, subphonemic detail

1. Introduction
A growing number of studies on the acoustic properties of ho-
mophonous elements has demonstrated unexpected effects of
higher level categories on their phonetic realization. Such ef-
fects were found for lexemes [7], for stems [8], for prefixes [9],
and, most prominently, for word-final /s/ in English. Here, it
was found that non-morphemic /s/ is longest in acoustic dura-
tion, followed by suffix /s/, which in turn is followed by clitic /s/
[3, 4]. The present study investigated a similar case in German,
motivated by three main arguments.

First, evidence for an influence of higher levels of speech
production, e.g., morphology, on the outcome of lower levels
of speech production, e.g., prosody, is an important issue for
current theories of language production. Most traditional the-
ories of a feed-forward structure [1, 2] do not allow this type
of interaction, as homophones should be truly homophonous
at the phonological level already. Only few theories allow ef-
fects of morphology on phonetics [10, 11], however, only one
of these theories – the discriminative lexicon – has implemen-
tations available to test such effects [11] and indeed it could be
shown that differences in fine phonetic detail can emerge from
the mental lexicon [4]. The present study aims at investigat-

ing yet another case of possible interplay between the levels of
morphology and prosody.

Second, effects of morphology on production are, thus far,
predominantly reported for English [3, 12, 4] and, in only a few
studies, for Dutch [8, 13]. However, as the consequences for
language production models are crucial if such effects truly ex-
ist, the field is still in need of more evidence, preferably from
languages other than English and Dutch. German is particularly
suitable here, as it comes with a pattern comparable to that of
English word-final /s/ within its nominal paradigm. Contrary to
English, the German plural system is highly variable, and the
language displays many ways to pluralize nouns. Still, the -s
suffix is one of them. In German, word-final /s/ can function as
plural suffix just as it can be part of the stem. There are singular
forms ending in /s/ such as Fuchs ‘fox’ or Gips ‘plaster’, and
there are plural forms ending in /s/ such as Jobs ‘job-pl’ or Loks
‘locomotive-pl’. Hence, we are dealing with a non-morphemic
and a plural word-final /s/, comparable to English, making Ger-
man the ideal test case for the investigation of potential dura-
tional differences due to morphological categories.

Third, a recent study [6] investigated whether an artificial
pattern similar to English word-final /s/ is learnable by German
adults. In this artificial language learning study, two groups of
subjects failed to learn the differentiation of morphological cat-
egories by means of durational differences, while another group
of subjects succeeded when categories were distinguished by
phonemic differences. In the first two groups, the artificial lan-
guage decoded grammatical number by durational differences
in word-final /f/, and in the third group, the artificial language
decoded grammatical number by phonemic differences (word-
final /f/ and /p/). Crucially, the phonetic pattern applied required
the singular to have the shorter /f/ and the plural to have the
longer /f/. If the present study showed that German word-final
/s/ in singular and plural forms patterns similar to English word-
final /s/, this could be an explanation for the subject’s poor per-
formance: It would mean that [6]’s subjects were asked to learn
a pattern counter to their L1 experience, and counter to how En-
glish looks like, where /s/ in singular forms is longer than /s/ in
plural forms and not the other way round. This confound could
have inhibited successful learning in German adults.

2. Methods
We performed a pseudoword production study with German
adult speakers. The core idea is to show whether fine-phonetic
durational differences between different types of /s/ exist in Ger-
man. If such differences are robust, then they should also be
transferred to pseudowords, as was shown by [4]. In addition,
pseudowords rule out confounding effects that real words are
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known to introduce to experiments: storage effects [14], fre-
quency effects [7], and effects of lexical relatedness [15]. In
particular, we compared durations of word-final /s/ in singular
forms (non-morphemic /s/) and plural forms (plural /s/). Target
pseudowords with word-final /s/ were embedded in real sen-
tence contexts. Across participants, the same target pseudoword
occurred as singular or as plural form, see Figure 1.The details
of the production experiment are described in the following sub-
sections.

Der Keps bastelt eine Laterne. Die Keps basteln eine Laterne.

Figure 1: Comparison between singular forms (non-morphemic
/s/, engl. ‘The keps makes a lantern.’) and plural forms (plural
/s/, engl. ‘The keps make a lantern.’)

2.1. Speech Materials

As target pseudowords, we designed items whose phonological
makeup adhered to possible singular and plural forms in Ger-
man. Each target ended in a word-final /s/. We used target items
with either one or two syllables.

Monosyllabic target items had a /C(C)VCs/ structure.
These types occur both as singular and plural forms in Ger-
man, e.g., Fuchs ‘fox’ vs. Jobs ‘job-pl’ [16]. In these forms,
the nucleus is a lax vowel, so we chose vowels from the set {A,
E, I, O, U, Y, œ}. Before the word-final /s/ we distributed {p,
t, k} as first coda consonant evenly across the item set. The
onset consonant was chosen such that the target was a pseu-
doword. Disyllabic target items had a /C(C)V.CVCs/ structure.
Again, these types occur both as singular and plural forms in
German, e.g., Rotfuchs ‘red fox-pl’ vs. Bisons ‘bison-pl’. The
first syllable of the two syllable target consisted of a (complex)
onset and a tense vowel from the set {a, e, i, o, u, y, ø} as nu-
cleus to attract stress. The structure of the second syllable was
based on the restrictions that also applied in the monosyllabic
targets. Overall, we created a list with n = 21 monosyllabic
and n = 21 disyllabic target items (each of which comes with
an even distribution of the 7 vowels x 3 coda consonants).

As additional filler items, we included 10 disyllabic pseu-
dowords ending in -/@n/ to have relatively unequivocal plural
forms [17] and 11 disyllabic pseudowords with various shapes
used as singular forms. All experimental items conformed to
German phonotactics [18].

Target and filler items were embedded in real German sen-
tences. The sentences were created such that they describe daily
activities. The sentences followed the simple structure subject
– verb – object. The target pseudoword appeared as an alien
creature - the noun in the sentence’s subject. The subject con-
sisted of a determiner and a noun, forming a nominal phrase.
For determiners of singular forms, we alternated between der
‘the-m.sg’ and das ‘the-n.sg’. For plural forms, we used die
‘the-pl’. The target pseudoword with word-final /s/ was fol-
lowed by the predicate, a verb form in present tense. We used
transitive verbs only and added a plausible real animate or inan-
imate object, e.g., Der/Das/Die X liebt/lieben Süßigkeiten. ‘The
X love(s) sweets.’. To facilitate isolating the target sound in the
analyses, we chose that the following verb form never began
with a fricative. The content of each sentence was plausible

for both subjects in the singular and in the plural. Grammatical
number was unambiguous for all nouns as the determiner or, if
not the determiner, the subject-verb-agreement in the sentence
was disambiguating.

2.2. Procedure

Subjects were instructed that they would get to know alien crea-
tures (we used alien pictures by [19]) and that these aliens had
unfamiliar names but engage in daily-life activities just as hu-
mans. As an explanation for the simplicity of the setup, we ar-
gued that adult subjects were part of a control group for a study
with children. The trials followed the following procedure, see
Figure 2. Each alien/item was presented in three consecutive
slides. Subjects were able to go through the presentation in a
self-paced manner. First, subjects saw a picture and the name
of the alien creature, then a brief explanation of the situation.
Finally, a question was asked. The subjects’ task was to answer
the question aloud with the situation sentence they saw before.
We recorded their answers. The experiment was implemented
in WikiSpeech [20] and run online.

Das ist ein Keps. Der Keps bastelt eine Laterne. Was macht der Keps?

Figure 2: Procedure: three example slides of one trial that were
presented in consecutive order, English translation: ‘This is a
keps.’, ‘The keps makes a lantern.’, ‘What does the keps do?’

2.3. Hypotheses

Following established theories of speech production [1, 2] and
the findings of previous research on word-final /s/ in English,
the present study investigated the following two hypotheses:

• Hypothesis 1: Feed-forward hypothesis
There are no durational differences between non-
morphemic and plural /s/.

• Hypothesis 2: Morphological effect hypothesis
There are durational differences between non-
morphemic and plural /s/.

2.4. Subjects

Twenty native German adults took part in the experiment and,
following the study by [4], we plan to test and analyze at least
another 20 speakers. The current speakers have a mean age of
29.6 years and cover an age range of 20 to 61 years.

2.5. Analyses

The acoustic analyses of all recordings took place in Praat [21].
For all items, the duration of /s/ was determined using both the
spectrogram and the waveform, following segmentation crite-
ria based on the phonetic literature [22]. All boundaries were
placed at the nearest zero crossing. Recordings with production
errors, stutter, and laughter were excluded. Overall, 823 of 840
recordings were retained for further analysis. Based on the an-
notations in Praat, the durations of the recorded /s/ sounds were
extracted using the rPraat package [23] in R [24].

Further variables specified for each trial were TYPEOFS
(non-morphemic or plural), number of syllables (NSYLL),
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phonological neighborhood density ([25]; NEIGHDEN), speak-
ing rate (using a Praat script by [26]; RATE), the segment pre-
ceding the word-final /s/ (PREC), the segment following the
word-final /s/ (FOLC), pause duration if the item was followed
by a pause (PAUSEDUR), and the pertinent ITEM. To account
for inter-speaker differences, speaker AGE, additional languages
(ADDITIONALLS), and the SPEAKER ID were included.

The duration of /s/, SDUR, and speaking rate were log-
transformed due to their non-normal distributions. The log-
transformed variables are SDURLOG and RATELOG. SDUR-
LOG follows a normal distribution (Shapiro-Wilk test: p =
0.1079), while RATELOG is still non-normally distributed, but
less so than RATE (Shapiro-Wilk tests: p = 5.1e−09 vs. p =
2.2e−16).

To avoid issues of collinearity, which might lead to unreli-
able model estimates [27], all predictor variables were checked
for high levels of correlation (i.e., |ρ| ≥ 0.4). Strong corre-
lations were found for TYPEOFS and PREC (ρ = −0.42) and
for NSYLL and NEIGHDEN (ρ = −0.44). We excluded PREC
to retain the predictor of interest, i.e. TYPEOFS, and excluded
NSYLL, as NEIGHDEN is a more fine-grained measure.

Finally, SDURLOG entered a linear mixed-effects regres-
sion analysis as dependent variable using the packages lme4
[28] and lmerTest [29] in R. TYPEOFS, PREC, FOLC, NEIGH-
DEN, RATELOG, AGE, and PAUSEDUR entered the model as
fixed effects. ITEM, ADDITIONALLS, and SPEAKER were spec-
ified as random intercepts. After step-wise model reduction
by removing variables that do not improve model fit, the final
model contained TYPEOFS, FOLC, and PAUSEDUR as fixed ef-
fects and SPEAKER as random intercept.

3. Results
The predictor of interest, TYPEOFS, showed a significant effect
on log-transformed /s/ durations. Its effect is shown in Figure 3.
Non-morphemic /s/ comes with significantly longer durations
than plural /s/. The observed effect size, as measured by Co-
hen’s d, was d = 0.3 [30]. The results of all fixed effects are
given in Table 1.

Table 1: p-values of fixed effects in the final model, fitted to the
log-transformed durations of /s/.

Fixed effect DenDF F-value p-Value

TYPEOFS 803.06 16.21 < 0.0001
FOLC 803.11 8.68 < 0.0001
PAUSEDUR 821.07 28.91 < 0.0001

4. Discussion
The present study set out to investigate whether there are dura-
tional differences between word-final non-morphemic and plu-
ral /s/ in German. Speech data elicited in an online produc-
tion experiment was analyzed following previous research on
word-final /s/ in English. It was found that in German, just like
in English, non-morphemic /s/ shows longer acoustic durations
than plural /s/. Hence, hypothesis 2, the morphological effect
hypothesis, is confirmed: There are durational differences be-
tween non-morphemic and plural /s/. This finding comes with
important consequences for the three main arguments motivat-
ing the present research.
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Figure 3: Effect of type of /s/ (non-morphemic vs. plural)
in the linear mixed-effects regression model, fitted to the log-
transformed values of duration of /s/

Interestingly, the durational differences between non-
morphemic and plural /s/ patterns similarly in both English
and German, with non-morphemic /s/ being longer than plu-
ral /s/. [31] showed that the differences between English non-
morphemic and plural /s/ are, in part, explained by their reso-
nance within the mental lexicon. They found that, among other
factors, the degree of semantic co-activation, the semantic sim-
ilarity to other entries, and the certainty in a word’s form are
able to explain /s/ durations. If future research shows that simi-
lar factors account for the differences found in the present study
for German word-final /s/, established theories of speech pro-
duction do not only need to include morphological effects into
their account of phonetics, but should also consider semantic
and psycholinguistic factors. An alternative explanation may be
a different representation of non-morphemic and plural forms
under the account of Prosodic Phonology [32, 33]. As a con-
sequence, durational differences would result from a difference
in the prosodic structure of these forms. While it may be debat-
able whether a plural /s/ needs to be represented as an affixal or
an internal clitic within the prosodic hierarchy [34, 35], it is not
controversial that a non-morphemic /s/ is located more central
in the prosodic hierarchy [36] than any type of representation of
the plural /s/. However, the theory does not make concrete pre-
dictions about the direction of the effect. One valid assumption
would indeed be that more peripheral units may be expected to
be longer than those located more centrally, while we observe
the opposite.

Adding German to the rather short list of languages for
which morphologically induced phonetic differences were at-
tested increases the pressure on established theories of speech
production, which do not assume any influence of morphology
on prosody. The present results demonstrate that morphology
does indeed influence phonetic realizations, rendering a strict
separation of morphology and phonetics extremely unlikely.
While we provide evidence from German, we acknowledge that
core assumptions on the architecture of language production
models should be backed up with evidence from other, more
diverse and preferably non-Germanic languages.

For the learning study by [6], our results indicate what was
foreshadowed earlier: Subjects were asked to learn a pattern
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counter to their language experience. While in German word-
final /s/ we found that non-morphemic /s/ showed longer du-
rations than plural /s/, the authors of the learning study asked
L1 speakers of German to learn the distinction between singu-
lar and plural in an artificial language in which the plural suffix
/f/ showed a longer acoustic duration than its non-morphemic
counterpart. With the subphonemic durational pattern in the ar-
tificial language contradicting the one in their L1, speakers may
not have been able to acquire the number system of the artificial
language, the only learning cue being the non-intuitive dura-
tional pattern.

5. Conclusions
This study was the first to investigate subphonemic durational
differences in word-final /s/ in German. In line with previous
results on English word-final /s/, we found that non-morphemic
/s/ is longer than plural /s/. Using carefully controlled pseu-
dowords and contexts, we demonstrated that durational differ-
ences between different types of /s/ are of a robust nature. This
suggests that similar results for English were not a by-product of
study design or a result of language-specific features. Instead,
we conclude that differences in /s/ durations are due to the mor-
phological categories of the different types of /s/, and, in turn,
the semantic and psycholinguistic properties of the /s/-bearing
words. Our results call for a revision of established models of
speech production.
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